ABSTRACT Few data are available from Eastern Mediterranean countries about levels of domestic allergens and endotoxins. Dust samples were collected from mattresses and floors of 457 homes in the Syrian city of Aleppo and analysed for antigens and endotoxins. The most important predictors for detectable levels of house-dust mite allergen Der p 1 were Arabic-style houses (OR 3.21) and newer houses (OR 1.56). In homes without cats, rubber mattresses were associated with detectable cat allergen Fel d 1 in mattress dust (OR 1.6). Cockroach allergen Bla g 2 was significantly more likely to be detected in houses over 20 years old than newer houses. Endotoxin levels were significantly higher in wool/cotton mattresses and older houses. 
‫السورية‬ ‫العربية‬ ‫اجلمهورية‬ ‫حلب،‬ ‫يف‬ ‫الداخلية‬ ‫والذيفانات‬ ‫جات‬
However, not all of the variation in house-dust mite concentrations can be explained by housing characteristics alone [6] .
The relationships between household characteristics and allergen concentrations in the United States were investigated by Peterson et al. [7] . Levels of the American house-dust mite allergen Der f 1 in dust increased with increasing occupants and relative humidity, and decreased with forced-air heating. European house-dust mite allergen Der p 1 levels were also higher with high relative humidity and with forced-air heating, but were also higher in older homes and where dogs were present. The relationship of other household characteristics was inconclusive for Der f 1 and Der p 1 [7] . Household endotoxin exposure is also a significant risk factor for increased prevalence of asthma [8] . However, little is known about the association between endotoxin levels and household characteristics. In a study in the United Kingdom, the indoor environment differed little between asthmatic and non-asthmatic children, but living-room carpet endotoxin levels were higher in the homes of asthmatics [9] .
The association between household characteristics and allergen and endotoxin levels has only rarely been investigated in the Arab world [10] . The present study therefore aimed to investigate the association between different household characteristics and allergen and endotoxin levels in Syrian homes.
Methods
A total of 457 homes were visited in the northern Syrian city of Aleppo between July 2002 and September 2003 to interview family members and collect samples from households. The participants were recruited as a part of a larger case-control study to investigate the risk factors for asthma in the Syrian Arab Republic.
Participants
To estimate the sample size, we made an assumption that asthma prevalence in Syrian adults was about 10%. With a logistic regression analysis, a study of 129 cases and 262 controls would have > 95% power to detect an odds ratio (OR) of ≥ 2.8 at a level of significance < 0.05.
Phone calls and invitation letters were used to contact 300 adults aged 15 to 45 years who had been diagnosed with asthma. Of the total, 52 patients were unwilling to participate and 85 were excluded because they refused to sign the consent form. Therefore 163 asthmatics were recruited into the study: 91 from the University of Aleppo hospital allergy clinic, 26 from the chest outpatient clinic at the University of Aleppo hospital and 46 from collaborating private respiratory consultants in Aleppo. The inclusion criteria were all of the following: physiciandiagnosed asthma; asthma symptoms (wheeze, cough or both) within the previous 12 months; and use of anti-asthma medication.
For each case, 2 age-matched (to within 2 years) and sex-matched control subjects without respiratory symptoms (confirmed by an interview) were recruited within 3 weeks of enrolling a case. All controls were recruited by advertisements from among the medical and nursing students from the faculty of medicine and school of nursing and from the orthopaedic clinic of the University of Aleppo hospital. As a result of contacting 1000 subjects we received 620 responses, and after 148 refused to participate, we were able to recruit 300 controls.
Home visits
The case and control participants were pooled for this study. The homes of 457 of the 463 recruited participants were visited (6 subjects refused the home visit). Each home was visited by the investigator and a nurse to collect dust samples and data about the household environment. The data collected included: household size, presence of cigarette smokers, presence of pets, type of house (traditional Arabic courtyard design or apartment/villa), age of house (built before 1985 or after 1985), evidence of dampness (visible mould), type of heating (stove, radiators, electricity), type of cooking fuel used, presence of air-conditioning system, type of flooring and presence of carpets, type of mattresses (rubber or wool/cotton) and pillows (synthetic fibre, wool/cotton or feather) and age of mattresses and pillows.
Dust sample collection
Dust samples were collected from mattresses and kitchen floors. The bedroom mattress was inspected and any sheet covering it was removed before vacuuming the selected area for the appropriate time. Kitchen floors were vacuumed in places where dust and food remains were found, for example above the fridge, near the garbage bin, above the shelves and behind the door. A 1 m 2 area was vacuumed for 2 minutes using a special dust-collection nozzle (ALK, Denmark) connected to the inlet of the suction tube of a vacuum cleaner (Samsung 800 W, Japan), with 70 mm filter paper which retained 74% of 0.3-0.5 µm particles and up to 100% of larger particles. Immediately after ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫السادس‬ ‫املجلد‬ ‫السابع‬ ‫العدد‬ collection, the filter papers were transferred into petri dishes and coded. Dust samples for allergen assays were stored at 4 °C until extraction. After each sample collection the head of the nozzle was cleaned using 70% isopropyl alcohol. After sampling, each dust sample was coded showing the study number, the place sampled, the date of collection, the subject surname and initials and the presence of a cat or dog in the house. Three dust samples were collected from each house: 2 samples from mattresses and 1 sample from the kitchen floor. Of the mattress samples 1 was kept for endotoxin analysis and 1 was analysed against dust mite and cat allergen. Kitchen floor samples were analysed for cockroach allergen only. A total of 457 kitchen dust samples, 443 mattress dust allergen samples, 435 mattress endotoxin samples were collected (14 mattress samples and 22 endotoxin samples were lost in transit).
Dust sample extraction and assay
For allergen analysis a 100 mg aliquot of house dust was extracted by rotation with 2 mL borate-buffered saline with 0.1% Tween-20 pH 8.0, at room temperature (20 °C) for 2 h before being centrifuged for 20 min at 1200 g at 4 °C. The supernatant was stored at −20 °C until analysed for allergen concentration. For kitchen floor samples, we sieved the dust and then extracted the dust with the whole filter in 1% bovine serum albumin with phosphate-buffered saline solution with 0.05% Tween-20. Dust samples were assayed for house-dust mite, cat, dog and cockroach allergens using monoclonal antibody-based enzyme-linked immunoassays, and the results were expressed as detectable or not detectable, with the allergen concentration when applicable. A value of 0.05 µg/g, was the lower limit of detection of the assay for house-dust mite (Der p 1) allergen and 0.01 µg/g for cat (Fel d 1), dog (Can f 1) and cockroach (Bla g 2) allergens.
For endotoxin analysis dust samples were extracted with 5.0 mL of pyrogenfree water containing 0.05% Tween-20. Endotoxin samples were measured using a kinetic limulus amoebocyte lysate assay, and the results were expressed as endotoxin concentration (EU/mg).
Statistics
The analysis was performed using the SPSS, version 11. The allergen levels in dust reservoirs were not log-normally distributed, so the results are presented as a percentage of samples above the limit of detection. Chi-squared tests were used to analyse individual household characteristics associated with detectable allergen levels in homes. Multiple logistic regression analysis was performed to identify household characteristics that were independently associated with detectable allergen levels in homes, and odds ratios (OR) are presented. Endotoxin data were lognormally distributed and therefore were log-transformed before the analysis; results are expressed as geometric mean and 95% confidence interval (CI). Student t-tests and 1-way analysis of variance tests were performed to compare groups. The level of significance was P < 0.05.
Results

Household characteristics
Of the 463 homes, 86% were apartments or flats, 13% were houses of traditional Arabic design and 1% were villas; 37% of homes were < 20 years old, the majority with 1 or 2 bedrooms (79%). Almost one-quarter of households (23%) had 6+ occupants. Almost all bedrooms (99%) had marble or concrete floors, but 73% of rooms contained a rug in winter. Air-conditioning was used in summer in 82%, and gas was almost exclusively used for cooking (98%). Visible damp was identified in 37% of homes. Mattresses were rubber (60%) or cotton/wool (40%). Pillows were cotton/wool (69%), synthetic (29%) or feather (2%).
House-dust mite allergen
The house-dust mite allergen Der p 1 was detected at a significantly higher rate in Arabic-style houses than in apartments (P < 0.001) and in newer-built homes compared with older homes (P < 0.01) ( Table 1 ). The Der p 1 detection rate was higher in new mattresses than old mattresses (P < 0.05) but did not differ by type of mattress or pillow. Bedrooms which contained a rug had a higher rate of detection of Der p 1 mite allergens in the mattress (P < 0.01). Homes with gas fires (P < 0.01) and visible dampness (P < 0.01) were more likely to have detectable levels of Der p 1 but presence of air-conditioning had no effect. Number of occupants also had no significant effect on the rate of detection of Der p 1.
In the multivariate analysis, the independent associates of detectable Der p 1 in the mattresses were Arabic-style house (OR 3.21; 95% CI: 1.64-6.30, P < 0.001) and newer house (OR 1.56, 95% CI: 1.07-2.27, P = 0.02).
Cat allergen
The cat allergen Fel d 1 was found at significantly higher rates in older homes (P < 0.01), without air-conditioning (P < 0.001) and with heating by radiators or electricity (P < 0.001). Higher rates of detectable cat allergen were found in rubber mattresses (P < 0.05) and older mattresses (P < 0.05) ( Table 2 ).
In the multivariate logistic regression analysis, the only independent predictor of the presence of Fel d 1 in mattresses was having a cat in the home (OR 6.04, 95% CI: 1.98-18.49, P = 0.002). When restricted to homes without cats, the only independent predictor was a rubber mattress (OR 1.6, 95% CI: 1.04-2.32, P < 0.01).
As expected, homes that kept cats had a significantly higher detection rates for the cat allergen Fel d 1 in mattress dust than homes without a cat (P < 0.001). However, Fel d 1 was highly dispersible, as some homes without cats contained high levels of Fel d 1 possibly by passive exposure. For homes with a cat and detectable Fel d 1, the actual geometric mean Fel d 1 level was 0.14 µg/g (95% CI: 0.05-0.42 µg/g) (Figure 1 ). In 4/22 homes with cats and 241/421 homes without cats the samples were below the detection limit.
Only 1 home contained a dog and therefore no data are presented for dogmite allergen.
Cockroach
Older homes had significantly higher detection rates of the cockroach allergen Bla g 2 (P < 0.01) ( Table 3 ). There was no association between presence of the cockroach allergen and type of house, heating, air-conditioning, household size or the presence of damp.
Endotoxin
From 430 detectable mattress samples there were 2 samples above the detection limit (endotoxin levels of > 1000 EU/mg despite 2 dilutions). There was a trend towards higher levels of endotoxin in Arabic-style houses and older houses but this was not statistically significant. Endotoxin levels were significantly higher in wool/cotton mattresses (P < 0.001) and in new mattresses (P < 0.01), but not with visible mould, type of pillows or type of heating (Table 4) . In the multivariate analysis, independent predictors of high endotoxin levels in mattresses were: wool/cotton mattresses (GM 31.7%, 95% CI: 26.2%-38.4%, P < 0.001) and older houses (GM 28.7%, 95% CI: 24.2%-34.0%, P = 0.03).
Discussion
This is the first large study to investigate the relationship between housing characteristics and allergen and endotoxin levels in a Middle Eastern country. Our data suggest that Arabic-style houses and newer houses were the most important predictors for detectable levels of house-dust mite allergen Der p 1. The Arabic house is unique in both design and structural materials. It usually has an open-air courtyard and multiple families in the same house. Arabic houses are built by using mud and wood, the floor may be mud or hard cement or covered by tiles/marble and there is no system to control the indoor temperature and humidity. Modern utilities are not adapted for this type of house, and this may contribute to a suitable environment for house-dust mite growth [2] . Newer houses were also more likely to have high detection rates of house-dust mite allergens as they are more likely be heated in winter, which, together with Pet ownership is rare in the Syrian Arab Republic. In our study different housing characteristics were shown to influence the presence of the cat allergen Fel d 1 in Syrian homes, such as the presence of modern heating systems and the absence of air-conditioning. But by far the most important factor was the presence of a cat. When homes without cats were analysed separately, the presence of rubber mattresses was the only independent factor to influence the detection of the Fel d 1 allergen. Our data are consistent with those of other studies [7, [11] [12] [13] .
Older homes (built before 1985) were more likely to have detectable cockroach allergen, possibly because old houses tend have higher occupancy rates and damaged structures which provide suitable habitats for cockroach infestation.
High endotoxin levels in Syrian homes were associated with wool/ cotton mattresses and older houses. Unlike a study in Germany [14] the present data suggest that endotoxin levels increase with the decreasing age of mattresses. The reason for this is not clear. It may be that new mattresses with synthetic materials favour bacterial growth or that porous fabrics allow higher rates of sampling during vacuuming. We did not associate endotoxin with visible dampness, in agreement with one previous study [15] but in contrast with others [10, 16, 17] . Although homes with a cat had slightly higher endotoxin levels than those without a cat, the difference was not statistically significant. This may reflect the infrequent cat ownership in the Syrian Arab Republic and the even lower ownership of dogs.
In conclusion, these data indicate that while indoor allergen levels are low in Syrian households, there are important household characteristics that influence both allergen and endotoxin levels. Some of these unique features may be amenable to change, while others are not (house type). More research is needed to elucidate the contribution of these factors to the prevalence of atopy and asthma in the Syrian Arab Republic.
